We review recent results of the ATLAS experiment at the Large Hadron Collider (LHC) at CERN using data collected during 7 TeV and 8 TeV proton-proton collisions, lead-lead collisions at 2.76 TeV and proton-lead collisions at 5.02 TeV center-of-mass energy. The results shown here include Standard Model measurements of the W/Z boson and top quark, most recent updates on the search for a Higgs-like particle around 125 GeV and searches for Supersymmetry. Finally, selected heavy ion results from lead-lead and proton-lead collisions are presented.
Introduction
The ATLAS experiment [1] is one of the four large experiments at the Large Hadron Collider (LHC) [2] at CERN. The first proton-proton collisions were recorded in 2009 and during 2010/11 ATLAS recorded data corresponding to an integrated luminosity of 5.6 fb −1 at a centre-of-mass 5 energy of 7 TeV. During the 2012 data taking period at 8 TeV, ATLAS recorded data corresponding to an integrated luminosity of 21.6 fb −1 of which 96% were declared as good quality data to be used for physics analyses. Using these data ATLAS has performed a wide range of physics analyses of which some of the most recent ones are presented in these proceedings. After a brief introduction of the ATLAS detector, section 3 shows recent Standard Model physics results in top pair production 
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Figure 1: Summary of several Standard Model total production cross section measurements compared to the corresponding theoretical expectations [8] . The top quark pair production cross-section is based on a statistical combination of measurements in the single-lepton, dilepton and all-hadronic channels using up to 1.02 fb −1 of data. The single-top measurement uses 0.7 fb −1 of data, while the WZ measurement uses 1.02 fb −1 . The WW and ZZ measurements were made with the full 2011 dataset. The dark error bar represents the statistical uncertainly. The red error bar represents the full uncertainty, including systematics and luminosity uncertainties. All theoretical expectations were calculated at NLO or higher.
Top pair production
The top quark is the heaviest fermion in the SM and has thus the largest Yukawa coupling with the Higgs boson. It may also couple to other heavy particles predicted by extensions of the SM. Additional processes beyond the SM can modify the top pair (tt) production rate, therefore a measurement of the tt inclusive production cross section may reveal the presence of new physics.
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It can also help to verify the state-of-the-art theoretical cross section calculations, and to better understand tt production as one of the primary backgrounds in many searches for physics beyond the SM.
The inclusive top quark pair production cross section has been previously measured using different decay channels by the ATLAS experiment in pp collisions at 7 TeV [9] [10] [11] [12] [13] . All mea- 45 surements have been found to be in good agreement with theoretical predictions for these energies. ATLAS has performed a measurement of the tt production cross section in the single-lepton channel at √ s = 8 TeV using data corresponding to an integrated luminosity of 5.8 fb −1 [14] . The analysis is based on final states where one of the W bosons from the top decay decays leptonically into an electron or muon together with the corresponding neutrino, and the other decays hadron-50 ically. In this case the final state is characterized by the presence of a highly energetic and well isolated lepton, large missing transverse energy carried away by a neutrino, and at least four jets, two of which originate from b-quarks. A multivariate likelihood method is used to provide signalto-background discrimination based on the lepton pseudorapidity and event aplanarity [15] . The likelihood discriminant distribution in data fitted to the sum of the signal and background tem-55 plates is shown in Fig. 2 for both the electron and muon channel. The cross section is found to be Figure 2: Fit to the likelihood discriminant D(η l , A ) in data in the e+jets (left) and µ+jets (right) channels in tt production [14] . The hatched bands show the combined expected statistical and systematic uncertainty.
σ tt = 241 ± 2 (stat) ± 31 (syst) ± 9 (lumi) pb. This result is in good agreement with the current theoretical prediction σ theor.
tt
= 238
+22
−24 pb for a top quark mass of 172.5 GeV as obtained from approximate NNLO QCD calculations with HATHOR 1.2 [16] . Figure 3 shows the summary of all top pair production cross sections measured by ATLAS and the Tevatron as a function of the center of 60 mass energy. Good agreement can be seen between the data and an the approximate NNLO QCD calculation based on HATHOR.
ZZ production
ATLAS has recently updated its measurement of the 7 TeV ZZ cross-section [17] with data taken at 8 TeV [18] corresponding to an integrated luminosity of 5.8 fb −1 . Candidate ZZ events are reconstructed in the Z → + − + − decay channel, where can be an electron or a muon. The electron and muon candidates are required to be isolated, have transverse momentum p T > 15 GeV and |η| < 2.5. Same-flavour, oppositely-charged lepton pairs are combined to form Z candidates. A signal event must contain two such pairs with an invariant mass satisfying 66 < m + − < 116 GeV. This selection results in 85 observed ZZ candidate events whose invariant mass distribution is 70 shown in Fig. 4 (left) . The data-driven background expectation is 1.3 ± 1.3 events mostly due to events with a W /Z-boson decaying to leptons plus additional jets and photons, which are misidentified as electrons. The measured value of the total ZZ cross section is σ tot ZZ = 9.3
This result is consistent with the SM prediction of 7.4 ± 0.4 pb, calculated at NLO using MCFM and PDF set CT10. Figure 4 : (left) Invariant mass of the four-lepton system for ZZ candidates [18] . The points are data and the stacked histograms show the signal and background predictions from simulation. The grey band indicates the combined statistical and systematic uncertainty on the signal prediction. (right) Measurements and theoretical predictions of the total ZZ production cross section as a function of centre-of-mass energy. The blue dashed line shows the theoretical prediction for the ZZ production cross section in proton anti-proton collisions, calculated at NLO in QCD using MCFM with PDF set CT10. The solid red line shows the theoretical prediction for the ZZ production cross section in proton proton collisions, calculated in the same way.
Searches for the Standard Model Higgs boson
During the summer of 2012 both the ATLAS and CMS collaborations have reported the observation of a Higgs-like particle with a mass of approximately 125 GeV [19, 20] . Since then ATLAS 80 has updated its main analyses with up to 13 fb −1 of data collected at √ s = 8 TeV and the results are reported in the following for the channels H → ττ, H → bb, H → WW , H → γγ and H → 4 . In addition, the combination of all channels and an analysis of the spin and parity using the four-lepton channel is shown. mass is the final discriminating observable used for all categories. No significant excess is observed in the data compared to the SM background-only expectation in any of the channels. Figure 5 (left) shows the observed (expected) upper limit at 95% CL on the cross-section times branching ratio for SM H → ττ and is found to be 1.9 (1.2) times the SM prediction for a Higgs boson with mass m H = 125 GeV. For this mass, the observed (expected) deviation from the background-only hypothesis corresponds to a local significance of 1.1 (1.7) standard deviations and the best fit value of µ = 0.7 ± 0.7.
At a mass of 125 GeV the SM Higgs boson is expected to predominately decay into a pair of b quarks. Due to the overwhelming QCD background the search is carried out in the associate production mode with a W or Z boson and using the lepton from the associated vector boson 100 to significantly reduce the backgrounds. This results in the following final states: ZH → ννbb, W H → νbb and ZH → + − bb. The analysis [22] has been carried out in 16 different categories depending on the number of leptons, number of jets and the transverse momentum of the vector boson candidate. No significant excess is observed. For m H = 125 GeV, the observed (expected) upper limit on the production cross section times the branching ratio is found to be 1.8 (1.9) times 105 the SM prediction and can be seen in Fig. 5 (right).
Search for H → WW
The H → WW ( * ) → ν ν channel (with = e, µ) provides important information on both the overall production rate and the coupling to W bosons. ATLAS has performed a search using 13.0 fb −1 of data collected at √ s = 8 TeV and using the most sensitive final state eν µν [23] . A 110 transverse mass variable (m T ) is used to test for the presence of a signal and the resulting distribution for data and background is shown in Fig. 6 (left). An excess of events over the expected background is observed for m H < 150 GeV, with a significance of 2.8 standard deviations as seen on the right of Fig. 6 . The best fit signal strength at m H = 125 GeV is µ = 1.5 ± 0.6, which translates into a measured cross section times branching ratio of [21] and H → bb (right) [22] . Expected limits are given for the scenario with no signal. The bands around the dashed line indicate the ±1σ and ±2σ uncertainties of the expected limit. 
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Search for H → γγ
The results of the previous ATLAS Higgs boson searches in the diphoton decay channel [19] were obtained with a combination of 4.8 fb −1 of data recorded at √ s = 7 TeV and 5.9 fb −1 of data recorded at √ s = 8 TeV and showed an excess of events with a diphoton invariant mass compati-120 ble with a SM Higgs boson mass of 126.5 GeV. ATLAS has updated this measurement [24] with an enlarged dataset of 13.0 fb −1 recorded at √ s = 8 TeV between July and September 2012 and combined the result with the previous √ s = 7 TeV results, which are unchanged from the previous publication [25] . In the final offline event selection at least two photons satisfying tight identification criteria based on the shapes of the electro-magnetic showers and transverse energies for the 125 leading and sub-leading photons are required to be larger than 40 GeV and 30 GeV, respectively. In addition to the identification criteria, both photons are also required to be isolated through the −0.14 (theor), which is 2.4 standard deviations from the SM expectation. The local significance of the excess is 6.1σ as shown in Fig. 7 (right). Taking into account the look-elsewhere effect, the global significance of the excess is 5.4σ .
Search for H → 4 140
Using the same data sample as in the previous section, ATLAS has performed an updated measurement of the SM Higgs boson decaying into four leptons [26] via the the decay H → ZZ ( * ) → 4 , where = e, µ resulting in the four distinct final states 4µ, 2µ2e, 2e2µ and 4e. For the mixed lepton pair final states, the first lepton pair is the ones closest to the Z-pole mass. Each electron (muon) must satisfy E T > 7 GeV (p T > 6 GeV) and the three highest p T leptons must satisfy [27] . A compatibility test between the observed signal strengths of the five channels and the SM expectation of unity gives a probability of about 13%. The mass measurement, based on fits to the spectra of the high mass resolution channels H → γγ and H → ZZ → 4 , is m H = 125.2±0.3 (stat) ±0.6 (sys) GeV and can be seen in Fig. 9 (right). The 160 difference of the mass measurements between these two channels is 3.0 ± 0.8 (stat) +0.7 −0.6 (sys) GeV, corresponding to about 2.7 standard deviations, using Gaussian error distributions for systematic uncertainties. A more conservative treatment of the systematic uncertainty related to the mass scale, using rectangular error distributions for parts of the uncertainties, reduces the difference to the level of 2.3 standard deviations. In summary, the measured properties of the new boson are 165 consistent with the expectations of the SM Higgs boson.
Combination of Higgs measurements
Spin and parity analysis in the four-lepton channel
For H → ZZ ( * ) → 4 decays, the observables sensitive to the underlying spin and parity of H are the masses of the two Z bosons, the production angle and the four decay angles. Using this information ATLAS has performed a study testing the four spin and parity hypotheses J P = 0 + , 0 − , 170 2 + and 2 − [26] . A boosted decisions tree (BDT) is used to form a J P discriminant for each pair of spin/parity states using the expected distributions for the production and decay angles. Figure 10 (left) shows the BDT discriminant for data and Monte Carlo for the 0 + and 0 − hypotheses and the right plot shows the resulting log-likelihood ratio. The same procedure is carried out for all pairs of spin/parity combinations. The SM spin and parity remains the favoured hypothesis, with the other spin parity hypotheses excluded at the following level: 98.9% for 0 − , 84% for 2 + and 97.1% for 2 − . The same analysis is carried out using a matrix element based likelihood ratio (MELA) instead of the BDT with very similar results.
Searches for Supersymmetry
ATLAS has executed in the last years an extensive Supersymmetry (SUSY) search program 180 without any significant deviations from the SM observed so far. The inclusive SUSY searches, i.e. searches for events with an excess of missing energy with zero [28] or one lepton [29] in the final state, indicate that the masses of gluinos and first/second generation squarks are expected to be above 1 TeV. However in order to solve the hierarchy problem in a "natural" way, the masses of the superpartners of the top, bottom and gauge bosons need to be below the TeV-scale to properly 185 cancel the divergences in the Higgs mass radiative corrections. Despite their production cross sections being smaller than for the first and second generation squarks, stop and sbottom may well be directly produced at the LHC and could provide the only direct observation of SUSY at the LHC in case the other sparticles are outside of the LHC energy reach. The lightest mass eigenstates of the sbottom and stop particles,b 1 andt 1 , could hence be produced either directly in pairs or through 190g pair production followed byg →b 1 b org →t 1 t decays.
Search for direct sbottom pair production
ATLAS has performed a search for direct sbottom pair production using 12.8 fb −1 collected in 2012 at a centre-of-mass energy of 8 TeV [30] . The analysis uses three different signal regions for optimal sensitivity to the kinematic topologies associated to different mass-splittings between 
Direct searches for stop production
Depending on the mass of the stop, two decay channels can be distinguished:t → tχ 
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The geometry of a heavy ion (HI) collision is typically described via the centrality, which reflects the overlap volume of the two colliding nuclei. Collisions with a small (large) impact parameter are referred to as central (peripheral). The overlap volume is closely related to the average number of participant nucleons which scatter inelastically in each nuclear collision, N part , and to the average number of binary collisions between the nucleons of the colliding nuclei, N coll .
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In ATLAS centrality is measured using the scalar sum of transverse energy (∑ E T ) deposited in the FCal. Events are divided into centrality classes expressed in percentiles of the total inelastic nonCoulomb lead-lead cross-section with the most central interval (0-10%) corresponding to the 10% of events with the largest FCal energy deposit.
Z bosons in Pb+Pb Collisions
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The hot and dense matter produced in HI collisions causes a significant energy loss of energetic colour-charge carries when propagating through that medium. An understanding of this phenomenon requires measuring the unmodified production rates of the particles before they lose energy. The best candidates to perform such measurements are particles that do not interact via the strong force, e.g. Z bosons decaying into electrons or muons. Using an integrated luminosity (right) Centrality dependence of Z boson yields divided by N coll . Results for ee (upward pointing triangles) and µ µ (downward pointing triangles) channels are shifted left and right, respectively, from their weighted average (diamonds) for display purposes. Bars and boxes represent statistical and systematic uncertainties, respectively. For the combined results, the brackets show the combined uncertainty including the uncertainty on N coll , and the dashed line is a fit using a constant.
di-electron and di-muon channel using special reconstruction algorithms adapted to the HI environment. The background contribution is estimated via same-sign lepton pairs in the signal region defined as 66 < m < 102 GeV ( = e, µ). The m invariant mass distributions for both signal 265 and combinatorial background events are shown in Fig. 13 (left) . In total 772 (1223) opposite-sign Z → ee (Z → µ µ) candidates are reconstructed with a very small background of 42 (14) same-sign pairs. To examine the binary collision scaling of the data, the Z boson per-event yields, divided by N coll , are shown in Fig. 13 (right) Building on this analysis, ATLAS has performed a measurement of the jet quenching effects (momentum imbalance) in Z → +jet events using the same data sample [41] . Each event containing a Z boson candidate was scanned for jets reconstructed with an anti-k t algorithm [42] using 275 three different cone sizes of 0.2, 0.3 and 0.4. In the HI environment there is a significant energy deposition in the calorimeters due to the underlying event that must be removed in order to accurately reconstruct jets. At the same time it has to be taken care that the energy of the jet is not included in the background estimation for the underlying event. Details of HI jet reconstruction are discussed in Ref. [43] . Jets were required to have a minimum p T of 25 GeV and only the jet with the highest 280 transverse momentum in an event was considered for the Z+jet candidates. To choose Z bosons and jets that are correlated with each other, and likely originate in the same initial hard scattering, only pairs that are separated by at least π/2 in azimuthal angle were considered. After all selections 36 Z → +jet candidates were reconstructed. Figure 14 PYTHIA generated events, which contains no energy loss mechanism and thereby serves as a baseline for judging jet quenching effects. These results are qualitatively consistent with the expectation of energy loss in jets as they traverse the hot dense medium created in HI collisions.
Heavy flavour production
High-p T quarks and gluons generated in hard scattering processes during the initial stages of 290 the heavy collisions are thought to lose energy in the quark-gluon plasma resulting in "jet quenching". Since the energy loss results from the interaction of a quark or a gluon with the medium, jet quenching is thought to provide a valuable tool for probing the properties of the quark-gluon plasma. ATLAS has performed a measurement of inclusive muon production in Pb+Pb collisions at √ s NN = 2.76 TeV using an integrated luminosity of approximately 7µb −1 collected in 2010 [44] .
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The measurements were performed for several intervals of collision centrality over the muon transverse momentum range 4 < p T < 14 GeV and the yields compared to those in a peripheral bin using the "central-to-peripheral" ratio R CP ≡ N coll periph dn cent / N coll cent dn periph where dn cent and dn periph represent the per-event differential rate for the same hard-scattering observable in central and peripheral collisions, respectively. In this p T range, muon production in pp collisions re-300 sults predominantly from semi-leptonic decays of charm and bottom quarks. All other sources including J/ψ decays contribute less than 1% of the prompt muon yield. To separate signal from background muons a discriminant C is used that combines the information from momentum loss in the calorimeter and the deflection in the inner detector and is described in detail in Ref.
[44]. 
Two-particle correlations in proton-lead collisions
The first studies of two-particle correlation functions in the highest-multiplicity pp collisions 315 at the LHC [45] showed an enhanced production of pairs of particles at ∆φ ∼ 0, with the correlation extending over a wide range in ∆η (the "ridge"). To provide further insight into the physical origin of the these long-range correlations ATLAS has performed a measurement of the two-particle correlations C(∆φ , ∆η) in relative azimuthal angle (∆φ ) and pseudorapity (∆η) using 1µb −1 of data collected in √ s NN = 5.02 TeV proton-lead collisions [46] . The correlation function is given by Bose-Einstein correlations, as well as high-p T resonance decays, and a broad structure at ∆φ ∼ π from dijets, low-p T resonances, and momentum conservation that is collectively referred to as "recoil". In the central events, the correlation function reveals a ridge-like structure at ∆φ ∼ 0 (the "near-side") that extends over the full measured ∆η range, with an amplitude of a few percent. The distribution at ∆φ ∼ π (the "away-side") is also broadened relative to peripheral events, consistent with the presence of a long-range component in addition to that seen in peripheral events. To quantify the strength of these long-range correlations, it is convenient to define the "per-trigger yield," (Y (∆φ )) which measures the average number of particles correlated with each trigger particle:
where N a denotes the total number of trigger particles, B(∆φ ) represents the pair distribution arising from uncorrelated pairs, and b ZYAM their pedestal. Figure 17 (left) coefficient in lead-lead collisions is shown on the right [47] . It can be seen that the modulation parameter has 345 a similar p T dependence in both proton-lead and lead-lead collisions where this effect is usually attributed to the collective expansion of the medium. 
